Abstract: The aim of this work was to make a survey describing factors that influence the production of extracellular enzymes by white-rot fungus Ceriporiopsis subvermispora responsible for the degradation of lignocellulolytic materials. These factors were: carbon sources (glucose, cellulose, hemicellulose, lignin, maltose and starch), nitrogen sources (ammonium sulphate, potassium nitrate, urea, albumin and peptone), pH, temperature and addition of three different concentrations of Cu 2+ and Mn 2+ . The cellulase and xylanase activities were similar in medium with different carbon sources and the highest cellulase and xylanase activities were measured in medium with urea and potassium nitrate as nitrogen sources, respectively. The highest laccase activity was observed in medium with lignin and peptone as carbon and nitrogen sources. In other experiments, time course of production of lignocellulolytic enzymes by white-rot fungus C. subvermispora in medium with lignin or glucose as carbon sources was observed.
Introduction
The wood-decay fungi can degrade lignocellulosic material and a range of various environmental pollutants (Barr & Aust 1994; Howard et al. 2003 ) by means of their extracellular lignocellulolytic systems. White-, brown-and soft-rot fungi belong to these microorganisms. White-rot fungi are the most effective basidiomycetes for biological pre-treatment of lignocellulosic materials (Fan et al. 1987) .
Ceriporiopsis subvermispora is a white-rot basidiomycete that degrades lignin selectively (de SouzaCruz et al. 2004 ). This fungus has been considered as potential organism for wood and annual plants pretreatment for biomass utilization (Sethuraman et al. 1998) . Tanaka et al. (2009) found that it causes high lignin losses with low concomitant cellulose losses. C. subvermispora has absence of lignin peroxidases (LiP) activity although LiP-like genes were detected (Rajakumar et al. 1996) . C. subvermispora produces laccase and manganese peroxidase as well as hemicellulases and cellulases (Sethuraman et al. 1998; Heidorne et al. 2006) .
Media composition and growth conditions are important factors affecting the production of extracellular lignocellulolytic enzymes and lignin degradation (Cohen et al. 2001) . Similarly, production of extracellular enzymes can be stimulated by the presence of inductors. For example, addition of Cu 2+ or Mn 2+ can induce laccase and manganese peroxidases, respectively (Vicentim & Ferraz 2007; Hammel & Cullen 2008; Levin et al. 2008) .
The aim of this work was to make a survey of factors (pH, temperature, carbon and nitrogen sources, inorganic ions) influencing the production of extracellular enzymes of white-rot fungus Ceriporiopsis subvermispora responsible for the degradation of lignocellulose materials. 
Material and methods

Chemicals
Microorganism
Culture of Ceriporiopsis subvermispora CBS 347.68 was provided from the Centraalburea voor Schimmelcultures 
(Utrecht, The Netherlands). The culture was maintained on malt agar and stored at 4
• C. In all cases, the suspension of fungal mycelium was prepared by scraping of plaque (3 cm 2 ) of the growth culture from agar plate using microbiological loop in sterile deionised water (10 mL). For inoculation of 100 mL of cultivation medium, 10 mL of fungal mycelium suspension was used.
Growth parameters
The growth of C. subvermispora at different initial pH values of cultivation medium (2.0; 3.0; 5.0; 6.0 and 7.0) and three temperatures (23; 30 and 37
• C) in 500 mL Erlenmeyer flasks containing 100 mL of basic mineral medium with glucose (10 g/L) and ammonium sulphate (5 g/L) during 17 days was tested. After elapsed time, the growth of C. subvermispora biomass by the method described below (Mycelial dry weight measurements) was determined.
Medium composition
The effects of carbon sources (glucose, cellulose, hemicellulose, maltose, lignin and starch) with concentration 10 g/L and nitrogen sources (ammonium sulphate, urea, peptone, albumin and potassium nitrate) with concentration 5 g/L on enzyme activity in basic mineral medium (Table 1) at selected growth parameters (30 • C and pH 5.0) were tested. In other experiments, the medium was supplemented with different concentrations of Cu 2+ and Mn 2+ (0.8; 1.6; 3.2 mM). In the culture fluids the activities of extracellular enzymes were determined. Culture fluid was obtained after separation of biomass by centrifugation (20 min, 7,000 rpm) from cultivation medium. For each experiment the triplicate cultures were performed.
Enzyme production
Enzyme production by C. subvermispora was carried out at 30
• C and pH 5.0 during 35 days shaken at 200 rpm with lignin or glucose as a carbon source and peptone as a nitrogen source. The enzyme (cellulase, xylanase, laccase) activities in the supernatant of medium during the cultivation of C. subvermispora were analysed in the intervals of 0, 1, 2, 3, 7, 10, 17, 24 and 35 days.
Enzymes assays
Cellulases. Total cellulases were assayed with α-cellulose as the substrate (Bailey et al. 1992) . The reaction mixture for cellulase activity determination contained 1.0 mL of McIlvain buffer (pH 4.8) with 50 mg α-cellulose and 0.5 mL extract of enzymes. The reaction mixture was incubated for 24 hours at 30
• C. Subsequently, the reaction mixture was centrifuged and the supernatant was assayed. The released reducing sugars were determined with dinitrosalicylic acid. One unit (U) of enzyme activity was defined as the amount of enzyme required to liberate 1 mmol of product per min. Enzyme yield was expressed as U/mL.
Xylanases. Xylanases were assayed with xylan as the substrate (Bailey et al. 1992) . The reaction mixture for xylanase activity determination contained 1.0 mL of McIlvain buffer (pH 4.8) with 50 mg xylan and 0.5 mL extract of enzymes. The reaction mixture was incubated for 24 hours at 30
• C. Subsequently, the reaction mixture was centrifuged and the supernatant was assayed. Released reducing sugars were determined with dinitrosalicylic acid. One unit (U) of enzyme activity was defined as the amount of enzyme required to liberate 1 mmol of product per min. Enzyme yield was expressed as U/mL.
Laccases. Laccase activity was determined by the oxidation of catechol (Evans & Palmer 1983) . Products of oxidation were measured spectrophotometrically at 465 nm. The reaction mixture contained 1.5 mL of 0.1 M phosphate buffer (pH 6.0) with 40 mM catechol and 0.5 mL of enzymes extract. One unit of enzyme activity (U) was defined based on the comparison of the standard preparation of laccase (Sigma, Germany, isolated from Trametes versicolor) possessing the activity 21.8 U/mg. Enzyme yield was expressed as U/mL.
Determination of reducing sugars
Released reducing sugars were measured by the 3,5-dinitrosalicylic acid method (Miller 1959) .
Protein assays
The amount of total protein was determined according to Lowry et al. (1951) .
Mycelial dry weight measurements
The mycelium after filtration and washing with distilled water was dried for 2 hours at 110
• C and dry weight was determined for triplicate cultures with a moister analyzer IR-35 (Denver Instrument, USA).
Results and discussion
Effect of pH and temperature on the growth of production organism The effect of initial culture pH on the production of biomass in the basic cultivation mineral medium with glucose as a carbon source and ammonium sulphate as a nitrogen source was investigated. The pH showed a significant influence on the production of biomass of C. subvermispora. We found that the maximum growth of C. subvermispora was obtained when the initial pH was adjusted to 5.0 (Fig. 1a) . The influence of cultivation temperature was assayed at three temperatures (23, 30 and 37 (Fig. 1b) . The maximum biomass production was seen at 30 • C; the C. subvermispora growth was not observed at 37
• C. The determined pH value and temperature were used in the subsequent experiments. These results were obtained also by other authors (Kirk & Cullen 1998; Sánchez 2009 ).
Effect of carbon sources
It was indicated that the carbon source used in cultivations is one of the most important factors affecting the cost and yield of cellulase production (Gao et al. 2008 ). The selection of potential sources for lignocellulolytic enzyme production was carried out from the main plant polymers and their degradation products. Therefore, as carbon sources, cellulose, hemicellulose, lignin, glucose, maltose and starch were used. Cellulase (Fig. 2a) and xylanase (Fig. 2b) activities in all tested media were similar. Among the carbon sources tested, lignin supported the maximum laccase production (Fig. 2c ) and protein content (Fig. 2d) . These results are supported by other authors (Beg et al. 2001; Olsson et al. 2003) , who found out that in the presence of lignin in cultivation medium, the activity of ligninolytic enzymes was increased. The growth of C. subvermispora biomass was highest in the medium with glucose as a carbon source (results not presented).
Effect of nitrogen sources
For the determination of the influence of nitrogen sources on the production of lignocellulolytic enzymes, two inorganic (ammonium sulphate and potassium nitrate) and three organic nitrogen sources (peptone, albumin and urea) were used. The results (Fig. 3) showed that the nitrogen sources have different effect on each enzyme activity. For production of cellulases and xylanases, all the selected nitrogen sources were suitable. For production of laccase the organic nitrogen sources, such as peptone or albumin, were appropriate. Levin et al. (2008) have reported that the fungi exhibited better growth in the presence of organic rather than inorganic nitrogen sources. The increased laccase production in the presence of the organic nitrogen sources could be due to the stimulation effect of aromatic amino acids (Collins et al. 1997) . 
Effect of inorganic inductors Cu
2+ and Mn
2+
The influence of Mn 2+ and Cu 2+ as inorganic inductors on lignocellulolytic enzyme production by C. subvermispora was studied in basic mineral medium. The cellulase activities were decreased by addition of cuprous and manganese ions to the medium in comparison to medium without addition of these ions. The highest activity of cellulases was determined by addition of manganese ions at concentration 3.2 mM. In the case of xylanase activity, the additions of Cu 2+ or Mn 2+ to the cultivation medium caused an increase of enzyme activity (Fig. 4) . Similar results were described in the study by Levin et al. (2008) , but they observed that the addition of cuprous ions increased production of ligninolytic enzymes. In our study the increasing of laccase activity by addition of both cuprous and manganese ions was not observed. Although activity of laccase could be stimulated to higher concentration of Cu 2+ , we did not measure laccase activities in cultivation medium. This result could be caused by using unsuitable inorganic source of nitrogen. As described by Saravanakumar et al. (2010) , the activity of laccases was stimulated by organic nitrogen rather than inorganic nitrogen source.
Hence, the inorganic ions (Cu 2+ and Mn 2+ ) did not cause the induction of ligninolytic enzymes. Since they are cofactors of these enzymes, their high concentration increased their amount.
Time course of the enzyme production In this experiment, the time course of lignocellulolytic enzyme production was monitored. We used glucose as a carbon source (10 g/L) and peptone as a nitrogen source (5 g/L) in the cultivation medium. The composition of this medium is described in Table 1. Figure 5 shows that xylanases were produced during the whole cultivation of C. subvermispora. Cellulase activity increased in 10 th day to 0.62 U/mL and after then this activity decreased. Similarly laccase activity increased in 17 th day to 2.02 U/mL and after then this activity also decreased. The xylanase activity was several times higher than the cellulase activity. It was similar to results reported by Heidorne et al. (2006) .
The medium with lignin as a carbon source and peptone as a nitrogen source was found to be appropriate for the production of lignocellulolytic enzymes. In the subsequent experiments, peptone was used as a nitrogen source to enhance the biomass and enzyme production. As shown in Figure 6 , the xylanase activity was increased during whole cultivation. After 10 days of C. subvermispora cultivation in the medium with lignin as a carbon source, laccase and cellulase activities were decreased.
Conclusion
It was possible to control simultaneous production of cellulolytic, hemicellulolytic and ligninolytic enzymes by C. subvermispora with suitable carbon and nitrogen sources. For the production of lignocellulolytic enzymes, the medium with lignin as a carbon source was appropriate. Peptone as a nitrogen source supported both the production of biomass and enzymes. The activity of laccases was higher in the medium with lignin in comparison with that in the medium with glucose as a carbon source. While activities of cellulases and hemicellulases were decreased in medium with lignin as a carbon source, activity of both enzymes was higher in the cultivation medium with glucose as a carbon source. 
